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Summary
In chapter I, the definition of the aortic coarctation, the natural outcome and
the current controversies about its surgical treatment are outlined.
Aortic coarctation is a congenital narrowing of the upper descending thoracic
aorta, which is sufficientiy severe that there is a pressure gradient across the area. The
typical anomaly is a shelf-like protrusion which develops most directly opposite the
arterial duct and fades away on either side, anteriorly and posteriorly. The result is an
eccentric, localized narrowing of the aorta that externally corresponds to a notch in the
aortic wall.
Aortic coarctation is likely to cause symptoms during infancy either because of
associated cardiac anomalies and severe obstruction or during adolescence and
adulthood because of the sequelae of systemic hypertension. Among all neonates born
alive with isolated aortic coarctation and that are untreated surgically, about l0Z, die
of acute cardiac failure during the first rnonth of life. Another 40Vo may be expected
to die between 1 and 4 years of age, usually fronr chronic heart failure. About 50% of
the original group die between 14 and 50 years of age, of bacterial endocarditis, aortic
rupture, intracranial hemorrhage or from heart failure secondary to systemic
hypertension, coronary artery or valvar disease. As a consequence, about 90% of the
original group has died before 50 years of age.
After 5 decades of experience with aortic coarctation repair, one might expect
consensus regarding the ideal management of this congenital anornaly. However, aortic
coarctation embraces a wide spectrum of anatomic variations and concomiLant
intracardiac defects. Therefore, the best method of repair for aortic coarctation repair
is still controversial.
In chapter II, a historical survey of the aortic coarctation is presented. The
development of the aortic arch system is reviewed. Subsequently, the morphology of
the aortic coarctation, the ductal tissue as well as the relation between the arterial duct
and the aortic arch systen'r are discussed. Furthermore, the influence of the blood flow
on the development of the aortic arch is outlined. Various mechanisms of forrnation of
the aortic coarctation are discussed such as the abnormal extension ofcontractile ductal
tissue; the proximal movement of the left 7th intersegmental rtery; abnormalities of
the blood flow pattern and the role of the neural crest.
In chapter III, the non-elective procedure in neonates with aortic coarctation is
discussed. About half of all these neonates within the first month of life, develop
symptoms of congestive heart failure due to a number of pathophysiological factors or
associated anomalies. In the early 1960s, surgical mortality was extremely high in this
group of patients. However due to improved preoperative preparation (prostaglandin
E,), better surgical, anesthetic and postoperative management, the mortality has
decreased ramatically to 0%-14%.
Two-dimensional echocardiography has proven extremely useful in confirming
the diagnosis of the aortic coarctration and is essential in the armamentarium of the
pediatric cardiologist and cardiac surgeon. Additionally, Doppler ultrasound, Color
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Doppler flow mapping and Magnetic Resonance Irnaging contribute to new observations
of aortic coarctation flow patterns, thereby assessing the severeness of the aortic coarc-
tation more precisely. Furthermore, different surgical procedure are presented.
Currently, most of the debate about surgical management of these ill neonates
concerns the prevention of recoarctation and the optimal treatment of the coexisting
VSD.
Traditionally, aortic coarctation was managed by resection and end-to-end
anastomosis. However, due to a significant high rate of recoarctation after the classic
resection and end-to-end anastomosis between 1950 and 1970, the prosthetic patch
angioplasty was introduced to overcome this problem. However, mid-and longterm
reports show several major drawbacks. Recoarctation and an increased risk of aortic
aneurysm formation tempered the initial enthuisiasm for this technique. Later the
subclavian flap aortoplasty was introduced and heralded as the operation of choice. In
contrast o the high expectations of the subclavian flap, recent studies have reported a
high incidence of recoarctation as well due to failure of resection of all ductal tissue.
Furthermore, the occurrence of postoperative limb ischemia and late growth retardation
of the lett upper limb are other potential drawbacks of this technique.
The best surgical technique for neonates with aortic coarctation and concomitant
hypoplasia of the aortic arch is still controversial. For this group infants, the extended
resection and end-to-end anastomosis was introduced. The main goal was to enlarge the
aortic arch instantaneously. However, this technique is technically more dernanding,
may jeopardize the cerebral circulation, and does not lower the incidence of mortality
and recoarclation as compared to the simple resection and end-to-end anastonrosis.
Furthermore, growth potential of the reconstructed aortic arch is still speculative.
In the last decade, alternative surgical techniques have been reported such as the
subclavian-sparing advancement technique and the use of the left internal mammary
anery.
Furthermore, a historical survey is pÍesented of the balloon dilation angioplasty.
This alternative technique has obtained a place in the armamentariurn of the
interventional pediatric cardiologist, in the relief of the aortic coarctation and
postoperative recoarctation.
Finally, the exact surgical timing of elective repair particularly in those infants
with an asvmDtomatic isolated aortic coarctation is discussed.
In chapter IV, the aims of the thesis are outl ined:
Is it possible to prevent the prevalence of recoarclation; e.g. are there pre-
and/or peroperative incremental risk factors which predict an increase of the
probability of recoarctation?
How should the cardiac surgeon define and interprete the hypoplastic aortic arch
as a concomitant anomaly and what are the surgical implications?
The optimal treatment of aortic coarclation with coexisting VSD is still
controversial. Does the presence of a VSD as an associated anomaly always
justify an single-stage repair?
What is the optimal age for elective aortic coarctation repair in an asymptornatic





In Chapter V, incremental risk factors for recoarctration are discussed. From a
retrospective study in 53 infants with aortic coarclation, weight at operation and the
residual gradient after the aortic coarctation repair expressed as a ratio of the systolic
arm pressure, turned out to be incremental risk factors for recoarctation. It is concluded
that the gradient ratio after repair should be as low as possible, for even small gradients
will have a strong incremen[al effect on the probability of recoarctation in the setting
of a low weight infants. Therefore, if the intant is not in distress, the aortic coarctation
should not be removed while the weight is below -5 kg and the gradient ratio should be
as low as possible.
In Chapter VI, the fate of the hypoplastic aortic arch after simple resection of
the aortic coarctation and end-to-end anastomosis presented. In this prospective study,
l5neonateswithanaorticcoarctationwereevaluatedechocardiographically. AZ-value,
being the number of standard eviations the aortic arch differs from the expected value
derived from a control group, was calculated. Eight neonates had a hypoplastic aortic
arch with a mean Zvalueof -7.14 + 1.39. The mean Zvalue of theother 7 neonates
was -1.85 + 1.08. All 1-5 neonates underwent simple aortic coarctation repair. Six
months after repair, the Z values ofthe hypoplastic aortic arches increased significantly
to almost normal values. Based on this study, the hemodynamic molding theory is
confirmed, being that growth of the hypoplastic aortic arch occurs when normal blood
flow is established, and that a 'catch-up' growth really takes place. Therefore, simple
resection and end-to-end anastomosis hould be the operation of choice for aortic
coarciation associated with a hypoplastic aortic arch.
Currently, the optimal surgical management of the aortic coarctation associated
with a ventricular septal defect (VSD) remains a matter of debate. The question has
arisen whether there are specific preoperative criteria which enable the surgeon to make
the most optimal decision for this pathophysiological setting. The purpose of the
retrospective study presented in Chapter VII, was to lind preoperative criteria in order
to optimize surgical decision making in infants with an aortic coarctation associated with
a VSD. The preoperative left-to-right shunt as a percentage of pulmonary t1ow. and the
morphology of the VSD, in particular the perimembranous defect with extension into
the inlet and/or outlet septum, are incremental risk factors for prolonged postopeÍative
ventilation time and more strongly for the probability of eventually surgical closure of
the VSD after the initial aortic coarctation repair. Knowing these two factors, a well-
considered choice between single-stage versus rnulti-stage repair can be made.
In Chapter VIII, the longterm results after elective aortic coarctation repair
with a follow up from 25 to 44 years, and the influence of age on survival, late hyper-
tension and recoarctation in elective aortic coarctation repair, are presented. The
longterm results indicate that despite the early apparent success after elective aortic
coarctation repair, not all patients live healthily ever after but rentain at risk of
premature death. Age at operation has a key position in the optimal treatment for
elective aortic coarcktion repair; it is an incremental risk factor for the probability of
late hypertension, and premature death. Based on the study presented in chapter V, we
found that age at operation is an incremental risk factor tbr the probability of
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recoarctation as well. Therefore, the impression arises that the optimal age for elective
aortic coarctation repair is around I ll2 year. At that age, the probability of
recoarctation will have decreased to less than 3%, and the probability of longterm
survival and upper body normotensive state will be nearly optimal.
Conclusions
2 .
Weight at operation and the residual gradient, expressed as a ratio of the systolic
arm pressure after the aortic coarctation repair, are incremental risk factors for
the probability of recoarctation.
Simple resection and end-to-end anastomosis the operation of choice for aortic
coarctation associated with a hypoplastic aortic arch despite the presence of a
VSD. Surgical enlargement of the hypoplastic aortic arch is not necessary.
The preoperative L-R shunt and the perimembranous VSD, in particular those
extending into the inlet and/or outlet septum, are risk factors for eventually
surgical VSD closure after the initial aortic coarctation repair. These two factors
might help the cardiac surgeon to make a well-considered surgical decision for
the optimal treatment of the aortic coarctation associated with a VSD.
Elective aortic coarctation repair should be performed around an age of 1 1/2
year. At that time the probability of recoarctation will have decreased to less
fhan 3%, and the probability of longterm survival and upper body normotensive
state will be ootimal.
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